INTRODUCTION
OBSTRUCTIVE SLEEP APNEA SYNDROME (OSAS) IS A COMMON RESPIRATORY IMPAIRMENT CHARACTER-IZED BY REPETITIVE CESSATIONS OF BREATHING DUE TO THE OBSTRUCTION OF THE UPPER AIRWAYS. The prevalence of OSAS is relatively high: it occurs in 4% of the general adult population 1, 2 and in up to 25% of the elderly (i.e., over 65 years), and is seen more frequently in men than in women. 3 The major clinical features of OSAS include snoring, sleep disruption, and nocturnal hypoxemia. 4 However, the main complaint of OSAS patients is excessive daytime sleepiness, which makes it difficult to perform everyday tasks. Moreover, various cognitive deficits have been documented in OSAS patients, especially in the areas of attention, memory, and executive function-ing. [5] [6] [7] [8] The cause of these impairments remains unclear. Several researchers have argued that the excessive daytime sleepiness associated with OSAS is the main cause of the observed neuropsychological deficits, while others suggest that the harmful effect of nocturnal hypoxemia is the main contributing factor. 9, 10 Recent work indicates that these two factors are differentially related to the neuropsychological deficits associated with OSAS. Specifically, excessive daytime sleepiness is viewed as being mainly related to reduced attention and memory functioning, 5, [11] [12] [13] while hypoxemia contributes to deficits in different aspects of executive functioning. 6, 7, 14, 15 Indeed, a large number of perseverative errors on the Wisconsin Card Sorting Task (WCST), low verbal fluency, difficulty initiating a strategy for problem solving, higher interference in a Stroop paradigm, difficulty copying a complex figure, and planning difficulties have all been demonstrated in populations of OSAS patients. 5, 8, 16 This is especially true in patients with severe levels of nocturnal oxygen desaturation. Moreover, even after treatment with continuous positive airway pressure (CPAP), which re-establishes normal levels of nocturnal oxygenation along with certain cognitive functions (attention and memory), executive functioning remains adversely affected. 17, 18 This suggests that hypoxemia may generate permanent cerebral damage in this population. Hypoxemia has been shown to have an effect on basal ganglia structures; [19] [20] [21] this could lead one to believe that the executive dysfunction seen in OSAS patients results from a subcortical malfunction. Indeed, a similar pattern of diminished executive functioning is frequently encountered in patients with neurodegenerative diseases like Parkinson's disease (PD) or Huntington's disease (HD). [22] [23] [24] Also frequently found in such populations are deficits in skill-learning Procedural Skill Learning in Obstructive Sleep Apnea Syndrome SLEEP-RELATED BREATHING DISORDERS Isabelle Rouleau PhD, 1 Anne Décary PhD, 2 Anne-Josée Chicoine PhD 2 and Jacques Montplaisir MD, FRCPc, PhD 2 1Centre de Neuroscience de la Cognition and Département de Psychologie, Université du Québec à Montréal and Service de neurologie, Hôpital Notre-Dame, CHUM; 2Centre d'étude du sommeil, Hôpital du Sacré-Coeur de Montréal and Université de Montréal Study Objectives: To better characterize the cognitive deficits observed in obstructive sleep apnea syndrome (OSAS) by examining procedural skill learning abilities. Design: Procedural skill learning was assessed using Mirror Tracing and Rotary Pursuit skill learning tasks. Subjects also completed a comprehensive neuropsychological test battery. Setting: Cognitive testing was performed during the day following the second of two consecutive nights during which sleep and respiratory variables were recorded. Participants: Two groups (28 OSAS patients and 18 normal controls) with equivalent mean age and education levels. Interventions: N/A Measurements and Results: No significant differences in learning rates were observed between the groups on the Rotary Pursuit Task. On the Mirror Tracing Task, overall learning of the skill and transfer to a new figure or to the reverse tracing direction was similar in the OSAS and NC groups. However, there was a subgroup of OSAS subjects (n=11) who showed marked difficulties in the initial acquisition of the Mirror Tracing Task. This subgroup's performance was no longer significantly different from that of controls and OSAS subjects without initial adaptation difficulty in the subsequent trials. Performance of subjects who had difficulty with initial adaptation on the Mirror Tracing was also significantly lower on tests of frontal executive function, but not on episodic memory tests. Sleep and respiratory variables did not distinguish between the two subgroups of OSAS patients. However, none of the young OSAS subjects (<40 years) presented this deficit. Conclusion: Results indicate that contrary to this study's hypothesis, OSAS patients did not show procedural skill learning deficits. A subgroup of OSAS patients, however, did show deficits in initial skill adaptation and difficulties on other neuropsychological tests. Frontal dysfunction and decrement in psychomotor efficiency and vigilance appeared to be the most consistent explanation for characterizing the profile of neuropsychological test results among the OSAS patients. Key words: Sleep apnea syndrome; procedural skill learning; executive functions
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tasks. For instance, demented HD patients show impaired skill learning on the Rotary Pursuit Task, [25] [26] [27] while patients with early-stage PD showed difficulties when tested with a simplified version of the Tower of Hanoi. 28 This contrasts with the relatively preserved skill learning reported in dementia of the Alzheimer type (DAT). 29, 30 These data support the view that the basal ganglia play a crucial role in procedural skill learning.
Since OSAS patients present an executive dysfunction similar to that found in subcortical patients, the purpose of this paper was to see whether they would also demonstrate similar procedural learning difficulties. Other cognitive functions (episodic memory, attention, executive functions) known to be affected by OSAS were also assessed.
METHOD Subjects
The sample included 28 OSAS patients (25 M/3 F; mean age: 47.4 years, range: 32-60; mean education: 12.8 years) who were recruited at our sleep disorder center. Subjects with a history of drug or alcohol abuse, cerebral injury of any aetiology, or learning disabilities were excluded from our study. We also excluded subjects who were taking medication known to interfere with cognitive functioning, including benzodiazepine and anti-depressants. The control group consisted of 18 subjects recruited through advertisements in the hospital and in local papers. Their mean age and education level did not differ statistically (t-tests, two-tailed) from those of the OSAS patients (14 M/4 F; mean age: 47.2 years, range: 30-58; mean education: 13.6 years). Demographic data are presented in Table 1 .
Sleep Recordings
All OSAS and normal control (NC) subjects were recorded for two consecutive nights, with the first being considered as an adaptation night. The neuropsychological assessment was performed during the day following the second night. Sleep and nocturnal respiratory variables were recorded and analyzed according to standard methods (including central and occipital EEG, chin EMG, EOG, right and left anterior tibialis EMG, and EKG). Oxygen saturation (SaO 2 ) was measured continuously during both nights by ear oxymeter. Respiratory effort and oral and nasal airflow were also recorded. Sleep and nocturnal respiratory variables included number and mean duration of apneas and hypopneas (apnea index: number of apneas per hour of sleep), minimum SaO 2 and SaO 2 under 80% and 90%, number of awakenings, time awake, total sleep time, and percent of total sleep time in various sleep stages. Daytime sleepiness was measured with the MSLT (Multiple Sleep Latency Test). Vigilance was assessed with the FCRTT (Four-Choice Reaction Time Test). The MSLT was performed five times during the day following the first night (10:00, 12:00, 14:00, 16:00 and 18:00). Sleep latency was defined as the time elapsed from lights out to sleep onset (sleep onset was defined as the first occurrence of one consecutive minute of stage 1 sleep, or 20 seconds of any other stage of sleep). Each nap was terminated at sleep onset, or after 20 minutes if the subject did not fall asleep. Mean latency was recorded for each subject. Each nap was preceded by the FCRTT. This test took about 10 minutes to administer and used a modified cassette recorder on which were mounted a square of four light-emitting diodes (LED) and a corresponding square of four push-buttons. Dependent variables were mean reaction time, total number of gaps (absence of response before the next stimulus presentation), and percentage of errors averaged over the five trials. Sleep, res- piratory and vigilance variables observed in the OSAS and NC groups are also presented in Table 1 .
Neuropsychological Test Battery
The neuropsychological test battery 31 included standardized tests of general intellectual abilities (WAIS-R, Ward and Ryan's seven subtest short form 32 Figure  Test) ; attention (Digit Span, Letter Cancellation); and tests sensitive to frontal lobe dysfunction (WCST, Trail Making Test, Mazes from the WISC, Written Letter Fluency). Although the Maze Test is part of the WISC, an intelligence test for children, its inclusion in our battery was based on a previous study with OSAS patients that confirmed its sensitivity. 5 These tests were administered and scored according to standard procedures. 31 Another test sensitive to frontal dysfunction, the D2 test, 33 was administered following the instructions given by Richer et al. 34 It includes three conditions: 1) detection of one target character in the absence of distractors; 2) detection of one target character among distractors; and 3) detection of three targets among distractors (multiple target detection). Speed was measured as the number of items (both target and distractors) processed per second. Patients with a unilateral frontal lobe lesion have been shown to be significantly slower and to make more errors in multiple target detection. 34 The neuropsychological test battery took approximately three hours to complete.
Procedural Skill Learning Assessment
Procedural skill learning was evaluated with two commonly used experimental methods, the Rotary Pursuit Task and the Mirror Tracing Task.
Rotary Pursuit. For the Rotary Pursuit Task, the method described by Heindel et al. 25, 26, 35 was used. Subjects were asked to maintain contact between a stylus held in their dominant hand and a small metallic disk (2 cm in diameter) on a rotating turntable (25 cm in diameter). Baseline level was assessed by asking the patient to perform the task during a 20-second trial at each available speed (30 rpm, 45 rpm, 60 rpm). The total time the subject maintained the stylus in contact with the disk (time on target) was electronically recorded for each 20-second trial at each rotation speed. To avoid floor and ceiling effects, and to equate the initial level of performance of all subjects, the speed at which the subject could spend close to five seconds out of 20 seconds maintaining the stylus on the target was selected as the training speed and was used for the rest of the experiment. Six blocks of four trials were then performed, with a rest period of one minute between the third and the fourth block. The total time on target was recorded for each 20-second trial and averaged for each block of four trials.
Mirror Tracing Task. The mirror tracing apparatus consisted of a Plexiglas platform (30 cm X 33 cm) upon which could be mounted a traceable pattern reproduced on a sheet of white paper.
The pattern was hidden from direct view by a nearly vertical opaque Plexiglas barrier (21.5 cm X 29 cm) mounted 7 cm from the front of the platform. The pattern could, however, be viewed in a mirror (20 cm X 28.5 cm) that was mounted vertically on the back of the platform, approximately 21.5 cm from the Plexiglas barrier. When performing the Mirror Tracing Task, subjects were instructed to trace the pattern as quickly as possible without crossing the lines composing the outline of the figure. Because of the barrier, the pattern and their hand could only be viewed in the mirror. The time required to complete each tracing was recorded with a stopwatch. The number of errors, as defined by the crossing of the outline and the number of graphic oscillations (nonprogressive tracing with oscillatory movements orthogonal to the tracing direction) were also recorded. 36 The figure to be traced was a star-like symmetric shape that included equal numbers of horizontal, vertical and diagonal portions constructed of concentric solid black lines spaced 2 cm apart. The figure was presented in two forms: upright (i.e., points oriented up, down, left and right) and rotated 45 degrees. In addition to these patterns, mirror tracing practice was given with groups of five vertical lines, five horizontal lines, and five concentric 45-degree angles. The groups of vertical and horizontal lines and angles were composed of parallel solid black lines that were spaced 5 cm, 4 cm, 3 cm and 2 cm apart. Vertical lines, horizontal lines and angles were presented on separate sheets of paper. The study comprised six conditions, which are described below in the order in which they were administered. Condition 1. Tracing without the mirror. Subjects were first asked to trace the figure as quickly as possible using normal vision, first with their dominant hand and then with their nondominant hand. This permitted us to evaluate any perceptual, motor, or praxic difficulties that could affect performance on the experimental task to be evaluated. Condition 2. Practice and assessment of mirror tracing ability. In order to introduce subjects to the Mirror Tracing Task, and to familiarize them with its components, three practice trials with (1) vertical lines, (2) horizontal lines, and (3) angles were administered, in that order, under the condition of mirrorreversed visual feedback. For each practice trial, a sheet of paper containing five parallel lines with decreasing amounts of space between them (from 5 cm to 2 cm in 1-cm steps) was presented to the subject. Beginning with the widest space (5 cm), subjects were required to trace within the borders a line parallel to the stimulus lines as quickly as possible. They then traced a second line in the 4-cm space, a third in the 3-cm space and finally a last line in the 2-cm space. For each condition (vertical, horizontal, and angles), four lines were traced. During the practice trials, the experimenter would guide the subject's hand in the correct direction when necessary. A maximum of five minutes was allowed for each trial of the practice phase. This procedure was adopted to avoid unnecessary frustration that could have made the subjects less cooperative. The time to complete each tracing and the number of errors and oscillations were recorded for each trial. Based on previous studies using this task, 36 a maximum of five minutes was allowed for each trial and no guidance from the experimenter was permitted.
RESULTS
As expected, comparisons of the neuropsychological test results revealed significant differences between the OSAS and NC groups. The results are presented in On the Rotary Pursuit Task, the OSAS and NC groups did not differ significantly on their level of performance on any of the six blocks (log transformation of mean time on target for four trials per block) or on overall learning across blocks. The results are presented in Table 3 . A repeated analysis of variance on blocks (blocks 1 to 6) by group (OSAS, NC) revealed a significant effect for blocks (F[5, 185]=131.5, p<.001) but no main effect for group (F [1, 37] =0.54, p=.467) or block X group interaction (F [5, 185] =1.83, p=.109). The lack of difference on the initial time-ontarget performance (block 1: t [37] =.505, p=.619) confirms the correct adjustment of the rotation speed for each subject. An analysis of baseline rotation speed revealed a tendency by the OSAS group to perform the task at a lower speed (χ 2 =4.04, p=.04).
On the Mirror Tracing Task, the OSAS and NC groups' performance did not differ significantly for the various variables assessed (such as tracing without a mirror, baseline performance, and mean tracing time on the training trials), except in the case of the time taken to complete the last part of the practice condition (angles: t[44]=3.03, p=.004). The results are presented in Table 3 ; although all analyses were performed using log transformation of the data, real times (in seconds) are presented to be more comprehensible. A repeated measure analysis of variance on blocks (trials 1-2, trials 3-4, trials 5-6, trials 7-8, trials 9-10) by group (OSAS, NC) revealed a significant main effect for block (F [4, 168] However, the marked intersubject variability within each group (suggested by the large standard deviations on the Mirror Tracing Task) may contribute to the lack of significance obtained in our analyses. Closer observation of the data suggested that the OSAS group contained a subgroup of subjects (n=11/26: 42%) who showed marked difficulties in the initial acquisition of the Mirror Tracing Task (MTR). This subgroup of OSAS patients could not complete the practice with angles within the fiveminute period allowed (cut-off time). One of the 18 NC subjects showed an adaptation deficit on the MTR, being unable to complete the practice with the angles within the five-minute cut-off time. Therefore this subject's data were excluded from the anal- yses. However, the same results were obtained when analyses were done with and without this subject. Log transformations of the data were used in all statistical analyses involving time to completion (pursuit and MTR). During practice with angles, although OSAS patient with adaptation deficit on the MTR did not make significantly more errors than the other two groups (NC and OSAS without an adaptation deficit: F[2, 40]=1.11, p=.338), their performance was characterized by numerous cases of nonprogressive tracing (graphic oscillations: F[2, 40]=83.9, p<.001, post-hoc Tukey: versus OSAS without adaptation deficit: p<.001, vs. NC: p<.001), associated with a highly significant increase in tracing time (post-hoc Tukey: vs. OSAS without adaptation deficit: p<.001, vs. NC: p<.001). During practice with angles, no difference was observed between NC subjects and those OSAS patients without an initial adaptation deficit on the MTR (posthoc Tukey: p=.375). The observation that the OSAS patients' tracing time without the mirror was equivalent to that observed in NC subjects and OSAS patients who had no difficulty on the initial acquisition of the MTR (F[2, 42]=0.12, p=.887) suggests that the graphic oscillations were not due to any basic motor deficit. Two of the 11 patients in this subgroup refused to perform the training phase, as they were already frustrated by their failure to complete the practice angles within the time limit. In the nine remaining subjects, the MTR performance improved significantly across trials but nevertheless remained below that of the controls at the end of the training period [F(2, 40)=3.48, p<.05; Tukey post-hoc OSAS with difficulties vs. NC: p=.032], see was not significantly different from that observed in OSAS patients without initial difficulties on the MTR, although it remained lower than NC subjects' performance. Finally, no significant differences were observed between the three groups on transfer trials performed with the nondominant hand in both the same (F[2, 31]=1.91, p=.165) and the opposite direction (F [2, 31] =0.61, p=.548), suggesting that, with additional training, normal skill learning and transfer to other conditions can be achieved even when the initial adaptation to the task is deficient.
In spite of their adaptation deficit on the MTR, this subgroup of 11 apneic patients learned the Rotary Pursuit skill normally. No differences were noted between the three groups (OSAS subjects with and without an MTR deficit, and NC) for either time on target in the first to the sixth blocks, or overall skill learning (all Fs [2, 36] <2.09, p>.10). While log transformations were used for data analysis, the data presented in Figure 2 depict real time on target (in seconds) in order to be more comprehensible. Although OSAS patients tended to perform the Rotary Pursuit Task more slowly than NC subjects, there was no significant difference in baseline speed between the two subgroups of OSAS patients (χ 2 =2.14, n.s.).
In order to understand why these difficulties were present in some subjects and not in others, we compared the performance of the three groups (OSAS subjects with and without difficulties on the MTR, and NC) on various neuropsychological measures (MANCOVA with post-hoc pairwise comparisons [with Bonferroni correction for multiple comparisons], using age as a covariate, except for the WAIS-R scores which are already adjusted for age). One NC subject who showed an adaptation deficit on the MTR was excluded from the analysis, being the only one in that subgroup (NC with adaptation deficit on the MTR). Except for a deficit in the D2 task (part C), his performance on the various neuropsychological tests administered was equivalent to that observed in control subjects. Analyses were performed both with and without this subject's data, with equivalent results.
The results are presented in Table 4 . No differences were observed between the three groups on tests of episodic memory (RAVLT and delayed recall of the Rey-O figure) . In addition, no other differences were observed between the NC group and OSAS subjects without any adaptation deficit on the various tests administered (A vs. NC column in Table 4 ), except for the number of gaps on the FCRTT (a test of vigilance).
However, OSAS patients with difficulties on the MTR had a lower performance IQ, mostly due to their deficient performance on the Block Design and Digit Symbol subtests. In addition, they showed marked deficits on many tests sensitive to frontal lobe dysfunction. Compared to both OSAS patients without difficulties on the MTR (A vs. B column in Table 4 ) and NC subjects (B vs. NC column in Table 4 ), they achieved fewer categories on the WCST and made more perseverative errors, required more time to complete the Maze Test, and made significantly more planning errors. Some attention deficits were also observed on the Digit Span subtest of the WAIS-R.
In the D2 task, a visual character cancellation task, OSAS patients with MTR difficulties performed at a significantly lower level of accuracy in a condition of multiple target detection with distractors (see Table 4 ), while the performances of the other two groups (NC and OSAS without MTR difficulties) did not differ significantly from each other. These OSAS subjects were significantly slower than NC subjects in completing this test.
The two groups of apneic patients (i.e., those with and without difficulties on the MTR) did not differ significantly on any of the sleep and respiratory variables. These data are presented in Table 5 . Additional analyses confirmed that, within the OSAS group, there was no significant correlation between measures of hypoxemia (i.e., min SaO 2 and SaO 2 under 80% and 90%) and measures of procedural skill learning such as overall improvement on the Mirror Tracing and on the Pursuit Rotor Task, WAIS-R IQ (global, verbal, and performance), executive functions (WCST, the Maze Test, Trail A&B, and the D2 test), and vigilance as assessed by the FFRTT (RT, errors, and gaps). Although there was no significant difference in age between the two subgroups of OSAS patients (t [29]-0.939, n.s.), a closer inspection of the data revealed that none of the six patients under 40 years old presented a deficit in the MTR whereas 11 out of 22 older OSAS patients did (χ 2 =4.94, p=.026).
DISCUSSION
The main objective of this study was to explore the integrity of procedural skill-learning abilities in OSAS patients, taking into account the major role of basal ganglia in procedural learn- ing [25] [26] [27] and the sensitivity of these structures to the effects of hypoxemia. [19] [20] [21] In the Rotary Pursuit Task, the fact that OSAS patients were able to learn the skill as well as normal control subjects suggests that procedural skill-learning abilities are preserved in this syndrome. In our study, rotation rate was adjusted for each patient to obtain similar initial time-on-target performances. This procedure reduces the confounding impact of ceiling and floor effects in interpreting the results. 35 Although there was a tendency for OSAS patients to perform the task at a lower rotation speed, improvement across trials was normal. Consequently, if there is an effect of hypoxemia on the basal ganglia, its severity in our sample was not great enough to impair the acquisition of procedural visuomotor skills, as has been reported in HD patients. [25] [26] [27] However, the marked difficulties that a subgroup of patients experienced when performing the MTR suggest that some aspects of skill learning may be deficient in some OSAS patients. Unlike the Rotary Pursuit Task, the MTR requires the patient to inhibit his or her usual response in order to produce a new one based on a reversed visual feedback. Therefore, the MTR requires patients both to adapt to a new sensory environment and, once it is integrated, to gain in speed and precision. The subgroup Procedural Skill Learning in OSAS-Rouleau et al SLEEP, Vol. 25, No. 4, 2002 405 of OSAS patients with MTR difficulties mostly showed adaptation problems; although their performance remained deficient during the training trials, they did improve significantly across trials. Moreover, with additional practice, their performance gradually became indistinguishable from that of NC subjects. Thus, these patients showed normal learning despite an initial adaptation deficit. In fact, their learning curve was steeper than that of NC subjects, reflecting their poor initial performance on the task. Their performance on the Rotary Pursuit Task was identical to that observed in NC subjects. These results suggest that the mechanisms underlying the inhibition of an overlearned visuomotor response, necessary for the production of a new response requiring new sensorimotor mapping, are distinct from the mechanisms involved in visuomotor learning; once this new mapping is accessible, learning can proceed normally. Since Rotary Pursuit does not require this type of sensorimotor reorganization, it is performed normally by OSAS patients. Although only tentative explanations can be offered because of the low power of the analyses that were performed, the significant deficits observed on many tests sensitive to frontal lobe dysfunction (WCST, Mazes, D2 with multiple targets) in the subgroup of OSAS subjects with an adaptation deficit on the MTR, which were absent in other OSAS subjects, suggest that the frontal lobes are particularly important in the first step of the learning process (adaptation that requires, for the MTR, the inhibition of an overlearned visuomotor response). The numerous graphic oscillation episodes observed in this subgroup of OSAS patients are a good example of this inhibition deficit. Although motor speed and attention might contribute to the adaptation deficit shown by this subgroup of OSAS patients, the performance of OSAS patients with and without adaptation deficit on the MTR did not differ for less complex tasks (tracing without the mirror, digit symbol, time to complete Trail B, etc.). Deficits in attention might also contribute to the adaptation deficit seen in some OSAS patients. However, Digit Span, letter cancellation and D2 test (parts A and B) did not discriminate between the two subgroups. Differences emerged only when the tasks were complex and required either planning (Mazes), self-correction (WCST), and multiple-target selection (D2, part C). These are tasks that are known to be sensitive to frontal lobe dysfunction.
An MTR initial adaptation deficit has recently been reported in patients with focal frontal lobe lesions. Chouinard et al. 36 found that, compared to patients with temporal lobe excision and normal control subjects, frontal lobe patients had more frequent oscillation episodes that led to an increase in their tracing time. However, learning curves were comparable across groups. Similarly, in a study using a computerized aiming task adapted from Cunningham, 37 frontal lobe patients showed marked difficulties adapting to a transformed visuomotor mapping task, making more capture errors (movement initiation in the natural direction), even though learning was essentially normal. 38 This difficulty could be related to an inhibition deficit 39 (inhibition of an overlearned motor response). Thus, contrary to our initial hypothesis, some OSAS patients' performance on procedural learning tasks was closer to that observed in frontal lobe patients (adaptation deficit on the MTR) than in patients with subcortical dysfunction such as HD, who show a learning deficit. 25-27-35 It is true that OSAS patients with no adaptation deficit on the MTR performed the neuropsychological tests as well as NC subjects. OSAS is not always associated with cognitive deficits. The MTR adaptation deficit may be a very sensitive early measure of cognitive dysfunction that might reflect a subtle frontal dysfunction. In this respect, sorting the groups according to their performance on the initial adaptation to the MTR may have separated out OSAS patients with very mild cognitive deficits. If this is true, it is not surprising that OSAS patients without any adaptation deficit on the MTR do not show any neuropsychological deficit when compared to NC subjects. Future studies should explore the relationship between deficits observed in the various components (adaptation and learning [gaining speed and precision]) of different procedural skill-learning tasks (Mirror Reading, Mirror Tracing, SRTT and Rotary Pursuit) and deficits in inhibition, problem solving, and visuomotor shifting.
The implication of the frontal lobes in the emergence of cognitive deficits in OSAS might be better understood by the use of concurrent neuroanatomical and neurophysiological brain mapping techniques such as MRI and SPECT. This might help explain why apparently similar sleep and respiratory profiles result in different patterns of cognitive deficits and degrees of functional impairment. These objective measures could also be used to monitor the effects of various interventions, such as CPAP. To our knowledge, very few studies using SPECT in OSAS patients have been published so far. 40 Although no statistical differences in age were observed between OSAS patients with and without an adaptation deficit on the MTR, a closer examination of the data revealed that no young patients (under 40 years old) showed difficulties on the MTR, whereas half of the older OSAS patients did. Since no adaptation deficits were observed on the MTR in the older group of NC subjects, these results suggest either an effect of duration of illness, a combined effect of age and hypoxemia, or a higher threshold in young subjects for the emergence of cognitive deficits in OSAS, rather than an effect of aging per se. Studies of OSAS patients in a wider age range could help elucidate the possible interaction between severity of the medical condition (sleep and respiratory variables) and aging, and its impact on the emergence of cognitive deficits in OSAS. By allowing a direct comparison between different levels of severity in various age groups, such a study would enable us to examine the relative contributions of these two important factors in the emergence of cognitive deficits.
